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Abstract : Due to the deficiency of sliding lagrange polynomial interpolation, the author proposes a new inter-
polation method, which considers the physical character of satellite movement in coordinate transformation and 
reasonable selection of interpolation function. Precision of the two methods is compared by a numerical exam-
ple. The result shows that the new method is superior to the sliding lagrange polynomial interpolation in inter-
polation and extrapolation, especially in extrapolation that is over short time spans. 
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1 Introduction 
IGS precise ephemeris often needs to he interpolated in 
GPS data processing1' 1• The conventional method is 
sliding lagrange polynomial interpolation , which is 
simple and easy to program12·'1• But it is a pure math-
ematic method without considering the physical charac-
ter of the ephemeris data. Although increasing the order 
of lagrange method can achieve the required accuracy 
of interpolation , the problem of instable accuracy and 
the especially limited capability for extrapolation, still 
exists1' 1• Note that when processing data taken between 
23 hour and 24 hour GPST of a day, the source e-
phemeris must be extrapolated for the last 15 minute of 
the day or a combination with the next day ' s ephemer-
is must be created [S]. Both options involve some risk: 
problems with "ringing" of the interpolated values near 
the time limits of the file for the former, and omitted 
satellites and discontinnities between les in the latter 
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for example. A new method will be discussed in the pa-
per to avoid these problems. 
2 New interpolation method of IGS 
precise ephemeris 
2.1 Analysis of satellite movement character 
The movement of GPS satellites nearly obeys Kepler 
Law in the inertial space. But for convenient usage, 
IGS precise ephemeredes are provided under earth-
fixed coordinate system. The movement of GPS PRNOl 
under earth-fiXed and celestial-fiXed coordinate system 
is respectively showed in figure 1 and figure 2 , and the 
movement of other GPS satellites is similar. 
From these figures, we can see some phenomena. 1 ) 
Under the earth-fixed coordinate system, only the Z 
coordinate appears to have the approximately 12-hour 
period. The X and Y coordinates display a more com-
plex curve. The three-dimensional movement of the sat-
ellite appears complicated. 2) Under the celestial-fiXed 
coordinate system, the three coordinates all appear to 
have the anticipated approximately 12-hour period. 
And the three-dimensional movement of the satellite 
appears an approximate ellipse. 
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2. 2 Principle and implementation of the new 
method 
The reason of different movement character under dif-
ferent coordinate systems is that the satellite movement 
under the earth-fixed coordinate system is mixed up by 
Earth movement which includes rotation , nutation, 
Figure 3 Steps of the algorithm 
precession and so on , whereas the satellite movement 
under the celestial-fixed coordinate system is not he 
effected by Earth movement and appears cyclic charac-
ter. The author will utilize the character to improve the 
accuracy in interpolation and extrapolation of IGS pre-
cise ephemeris , and then propose a new method, the 
steps of which are shown in figure 3. 
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At present, IGS precise ephemeris is nnder IGS2000 
coordinate system which is earth-fixed, and every 
ephemeis file consists of one-day data, 96 epochs. To 
begin with, we transform the data to ]2000 ( J2000 is a 
celestial coordinate system) , as follows : 
C'= (HG)-1C 
(HG) = (EP) (ER) (NR) (PR) 
( 1) 
(2) 
where C represents satellite positions in IGS precise e-
phemeris , C' denotes satellite positions under J2000 
system , ( EP) is polar motion matrix, ( ER) is earth 
rotation matrix, ( NR ) is nutation matrix, ( PR ) is 
precession matrix. These matrixes are explained in oth-
er papers[6]. 
Based on movement character of GPS satellites, trig-
onometric function is selected to finish interpolation 
mission. 
X coordinate element is taken as an example and the 
coordinate elements of Y and Z can be processed in the 
same method as well. The calculation steps are ex-
pressed as follows : 
1 ) Choose interpolation nodes 
To improve the interpolation accuracy, the selection 
of interpolation nodes from precise satellite positions 
under J2000 system , the purpose of which is to insure 
that interpolation time is always at the middle of inter-
polation nodes , is needed. By the way, these nodes are 
gained through the above coordinate transformation. 
The selection strategy is also used in Lagrange interpo-
lation[2J. The number of Interpolation nodes is equal to 
n+ 1 , and the performance of different-order Interpola-
tion will be discussed then. 
2) Estimate coefficients of interpolation function 
We can express the relation between satellite J2000 
coordinates and time as follows : 
" X' T· =a0+ I ( b,sin(w7j) +c,cos(w7j) ) 
J i=l 
(3) 
where X' T· is satellite precise X coordinate under J2000 
' 
system at Ti , 1j is the time of precise ephemeris which 
is 15-minute interval, n is the interpolation order, (JJ = 
27r/T ( T= 11 '58 min, which is the movement period of 
GPS satellites) , a0 , b;, c, ( 1 ,;;; i,;;; n) are the coeffi-
cients of interpolation function. 
And then , we can make use of interpolation nodes 
which have been selected , just like : 
" 
X' r1 = a 0 + L (b;sin(wT1) + c,cos(wT1)) 
i= 1 
" 
X' 72 = a0 + L ( b,sin( wT2 ) + c,cos( wT2 ) ) 
i=l 
" x;.,, =a, + L (b,sin(wT.,,) + c,cos(wT •• [)) 
i=l 
(4) 
where a; , bt , ct ( 1 ~i ~ ) can be gained when the 
equation is solved. To improve calculation efficiency, 
matrix decomposition is proposed [7]. 
3) Calculate satellite position at some time 
Assuming that satellite precise coordinate at epoch is 
needed to be resolved , we have : 
" X',= a; + L (b,' sin(wt) + c,' cos(wt)) (5) 
i=l 
where X' t is satellite precise X coordinate at t epoch, 
the meanings of other symbols are the same as that in 
the last part. 
Mter the steps are finished all above , the precise 
satellite positions should be traosformed from celestial 
coordinate system to earth fixed coordinate system a-
gam: 
C,=(HG)C', (6) 
where C' 1 denotes three-dimensional satellite coordi-
nates gained from interpolation under celestial coordi-
nate system, C, denotes three-dimensional satellite co-
ordinates nnder earth fixed coordinate system. 
3 Comparison 
To validate the feasibility of the method, 15-minute 
and 5-minute precise ephemeris in January 1, 2002, 
which is provided by reference [ 5] , are used. The 15-
minute precise ephemeris is interpolated to 5-minute 
interval respectively by Lagrange method and the new 
method, and the results are compared with 5-minute 
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precise ephemeris to illustrate the interpolation accura-
cy. The results of PRN01 are only provided, and that 
of other satellites are similar. 
The accuracy of different orders of Lagrange interpo-
lation and the new method are present in table 1. And 
RMS denotes the root-mean-square of three-dimension-
al position error from 00 : 00 : 00 to 23 : 45 : 00; 
MAX denotes the maximum of three-dimensional posi-
tion errors from 00 : 00 : 00 to 24 : 00 : 00 and the 
maximum error always appears at 24 : 00 : 00. With 
these statistical values , both the capability for interpo-
lation and extrapolation of the two methods can be eval-
uated. 
Table 1 shows that the best order of Lagrange method 
is nine. And the accuracy of interpolation ( RMS) is a-
bout 1 mm; the maximum error of extrapolation is a-
bout 30 em. The best order of the new method is six. 
And the accuracy of interpolation ( RMS ) IS about 
1 mm; the maximum error of extrapolation 1s about 
8 em. 
To compare the two methods farther, the performance 
of nine-order Lagrange method and six-order new meth-
od is provided in figure 4. Figure 4( a) shows the errors 
at 286 epochs in five-minute interval from 00 : 00 : 00 
to 23 : 45 : 00. Figure 4( b) shows the errors at 13 ep-
ochs in five-minute interval from 23 00: 00 to 
24 : 00 : 00. The time span from 23 45 : 00 to 
24 : 00 : 00 is extrapolation time span. 
Table 1 Comparison of interpolation results 
among different orders ( unit : m) 
Sliding Lagrange method The new method 
Order -------- ---------
RMS Maximum RMS Maximum 
4 9.641 1847.381 0.004 0.703 
5 1.153 329.685 0.002 0.460 
6 0.126 66.150 0.001 0.079 
7 0.019 12.895 0.001 0.108 
8 0.003 2.481 0.001 0.146 
9 0.001 0.354 0.001 0.242 
10 0.002 0.724 0.001 0.401 
11 0.002 1.358 0.003 0.290 
12 0.003 2.693 0.003 1.198 
13 0.005 5.298 0.003 2.147 
14 0.009 10.173 0.006 3.670 
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Figure 4 Comparison of interpolation and extrapola-
tion ability between two methods 
From figure 4 (a) , we can see that the interpolation 
accuracy of the new method and that of Lagrange meth-
od is almost equivalent, but the former is better than 
the latter in the beginning and the end of the time 
span. The reason is that the interpolation point can not 
be insured in the middle of interpolation nodes by slid-
ing method in that time span, but compared with La-
grange method , the new method is a more accurate 
representation of the orbit, which makes the new meth-
od overcome the problem at a certain extent. 
From figure 4( b ) , we can see that the extrapolation 
accuracy of the new method is obviously better than 
that of Lagrange method , which benefits from more 
consideration of satellite movement character in the 
new method. 
4 Conclusion 
1 ) The movement character of GPS satellites is consid-
ered through coordinate transformation and reasonable 
selection of interpolation function, a new interpolation 
method in using IGS precise ephemeris is designed and 
proposed in the paper. 
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2) The capability of the new method has been com-
pared with that of Lagrange method. The results show 
that the former is better than the latter. Especially, the 
new method is an order of magnitude better in the ca-
pability for extrapolation than Lagrange method. The 
advantage may be helpful in resolving the problems 
mentioned in the beginning of the paper. 
3 ) Compared with conventional Lagrange method, 
there is some additional computational burden involved 
in transforming coordinates and computing the trigono-
metric terms in the new method , but this is minimized, 
at least in part, by requiring fewer terms. In fact, the 
difference of calculation speed between the two meth-
ods can be igoored in the condition of the ability of 
current computer. 
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